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ABSTRACT 


During the 1993 Upper Cook Inlet, Alaska commercial salmon fishing season a test fishery was 
used to estimate the timing of the sockeye salmon, Oncorhynchus nerka, run as it passed a 
transect along the southern boundary of the management area. The test fishery operated from 
1 July to 30 July and captured 2,453 sockeye salmon representing 1,8 15 CPUE points. Mean 
date of the run was 14 July, and the test fishery encompassed approximately 95% of the total 
run. 

KEY WORDS: 	 Salmon, Oncorhynchus, Upper Cook Inlet, Alaska, test fishery, 
migratory behavior 



INTRODUCTION 


In 1979, the Alaska Department of Fish and Game (ADF&G) began a test fishing project near 
the southern boundary of the Upper Cook Inlet (UCI) salmon management area (Figure 1). The 
objective of this project was to estimate the total run of sockeye salmon, Oncorhynchus nerka, 
to UCI before salmon reached commercial harvest areas. Such information has helped ADF&G 
management biologists set commercial fishing times and areas to harvest sockeye salmon surplus 
to spawning needs. Test fishing results have been reported annually since 1979 (Waltemyer 
1983a, 1983b, 1986a, 1986b, Hilsinger and Waltemyer 1987, Hilsinger 1988, Tarbox and 
Waltemyer 1989, Tarbox, 1990). This report presents the results of the 1993 test fishing 
project. 

METHODS 

Test Fishing 

Sockeye salmon returning to Upper Cook Inlet were sampled by fishing geographically fixed 
stations between Anchor Point and Red River Delta (Figure 1). Stations were numbered 
consecutively from east to west. Station locations were determined from LORAN C coordinates. 
A chartered test fishing vessel sampled stations 4 - 8 daily. To increase sampling power an 
additional station (6.5) was sampled every other day. 

Sampling started on 1 July 93 and continued through 30 July. The chartered vessel, F/V Corrina 
Kay, fished 366 m (1,200 ft) of 2.1 cm (5 118 in) multifilament gill net during test fishing. 
Drift gill net web had a filament size number of 53/S6F7 was 45 meshes deep, and was 
constructed of double knot Super Crystal shade number 1. 

All salmon captured were identified to species. All sockeye salmon were measured for length 
(mid-eye to fork of tail in mm). The number of each species caught at each station was 
expressed as a catch per unit of effort (CPUE) statistic: 

100 fm x 60 min x number of fish 

CPUE, = , 


fm of gear x MFT 

where: CPUE, = CPUE for station s, and 
MFT = mean fishing time. 



Mean fishing time was calculated as: 

[B - A] + [D - C] 

MFT = (C - B) + 
 9 

where: A = time net deployment started, 
B = time net fully deployed, 
C = time net retrieval started, and 
D = time net fully retrieved. 

Once deployed at a station, gill nets were fished 30 min before retrieval started. 

Daily CPUE (CPUEd was calculated as: 

n 

CPUE, = C CPUE, 


s = l  


The following physical and chemical measurements were taken at the start of each set: air 
temperature, water temperature (at 1 m below the surface), wind velocity and direction, tide 
stage, water depth, and water clarity. Air and water temperatures were measured using a YSI 
salinityltemperature meter. Unfortunately, the salinity meter malfunctioned during the project. 
Wind speed was measured in knots and direction was recorded as 0 (no wind), 1 (north), 2 
(northeast), 3 (east), 4 (southeast), 5 (south), 6 (southwest), 7 (west), or 8 (northwest). Tide 
stage was classed as flood, ebb or slack by observing the movement of the vessel while drifting 
with the gill net. Water depth was measured in fm using a Simrad echo sounder, and water 
clarity was measured in m using a 17.5 cm secchi disk. 

Describing the Salmon Migration 

Catchability, the fraction of the available population taken by a defined unit of fishing effort, 
was estimated as: 



where: 	 q, = estimated catchability on day d, 
r, = adjusted cumulative total return on day d, and 
c, = cumulative CPUE on day d. 

Passage rate, the expansion factor used to convert CPUE into estimated numbers of salmon 
passing the test fishing transect, was calculated as: 

PR = l/q, = passage rate 	 (5)  

Since the test fishery did not encompass the entire sockeye salmon run, the total CPUE for the 
test fishery was estimated after the season using the following relationship: 

Ht 
CPUE, = CPUE, x 9 

where: CPUE, = total estimated CPUE for the season, 
CPUE, = cumulative CPUE through final day, f, of test fishing, 

H, = total commercial harvest for the season 
H,,,,, = total commercial catch through final day of test fishery 

(f+2), and 
2 = number of days it took salmon to travel from test fishery 

to commercial harvest areas. 

Estimates of CPUE, and CPUE, values were used to estimate daily and cumulative proportions 
of C P W ,  based on a non-linear model: 

where: y, = cumulative proportion of CPUE or return on day d, 
a and b = coefficients of model, ' 

d = day of observation. 



To calculate mean date of return, the following formula was used: 

where: M = mean date of return. 

RESULTS 

A total of 2,453 sockeye salmon, 53 pink salmon, 0. gorbuscha, 205 chum salmon, 0. keta, 
325 coho salmon, 0. kisutch, and 5 chinook salmon, 0. tshawytscha, were captured during the 
1993 test fishery (Table 1, Appendices A-D). Daily sockeye salmon catches ranged from 1 to 
335 fish (Table 1). 

Sockeye salmon daily CPUE values ranged from 0.9 on 30 July to 220.8 on 17 July. Cumulative 
total CPUE for the duration of the project was 1,814.9 (Table 1). Using post season commercial 
harvest figures, test fishing spanned approximately 96% of the total run. Therefore, total CPUE 
for the test fishery would have been 1,882 if test fishing had continued throughout the duration 
of the run. 

Sockeye salmon catches along the transect were similar to the distribution of CPUE values 
(Tables 2 and 3). 

Examination of daily and cumulative proportions (estimated post season) of the sockeye salmon 
run to UCI suggested that 7% of the run had passed the transect prior to the start of test fishing 
on 1 July and that the run was 95% completed at project termination (Appendix E; Figure 2). 
The mean date of the run was 14 July 1993 which was on time relative to the historic average 
(Table 4). 

The total sockeye salmon run to UCI in 1993 was estimated to be 6.5 million fish of which 4.8 
million were harvested in the commercial fishery (Table 5). Estimated passage rate for the 
season was 3,454 sockeye salmon per CPUE index point. 

Water temperatures measured along the transect generally increased during the season from a 
low of 9.O"C early in July to a high of 14.VC in mid-July (Appendix F). Air temperatures 
fluctuated between 8°C and 20°C during the project (Appendix F). Wind velocities were 
generally low to moderate. However, winds of 20 knots or greater were recorded on 5 days 
(Appendix F). Wind direction was typically from the south or southeast. 

During the commercial salmon fishing season five estimates of the sockeye salmon total run 
were made (Table 6). Past studies suggested that the initial best fit estimate was not accurate 
in predicting total run during the season and that the second or third best fit estimate was usually 
more useful. This pattern was evident in 1993 as the initial best fit estimate (1987 run timing) 



on 14 July was 9.2 million fish. The second and third best fit was 1982 and 1986 with estimates 
of 7.0 and 6.5 million fish, respectively. However, following this initial estimate the remaining 
estimates were the best fit and were within 11 % of the true population size. 

DISCUSSION 

The objective of the offshore test fish program is to provide UCI management biologists with 
early total run and timing estimates for sockeye salmon. This information, used with age, sex, 
size and stock identification data; harvest and escapement data; and observations on fishing 
patterns combine to formulate a management strategy during the fishing season. It is in this 
context that the data must be viewed. 

The 1993 UCI commercial salmon fishery proceeded in an orderly fashion early in the season 
and run size estimates were not a significant factor until after 14 July (Ruesch, personal 
communication, ADF&G, Soldotna). Therefore, the program provided useful and valuable 
information in the management of the commercial fishery as run estimates were reasonably 
accurate. Even the initial estimate, when combined with commercial catch and escapement 
estimates, alerted management biologists to a run above forecast. 
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Tab le  1. 	 Summary o f  f i s h i n g  t ime, d a i l y  and cumula t i ve  sockeye 
salmon ca t ch  and CPUE, Upper Cook I n l e t  o f f s h o r e  t e s t  
f i s h i n g  p r o j e c t ,  1993. 

Mean Catch CPUE 
Number F i s h i n g  Mean 

o f  T i  me Length 
Date S t a t i o n s  (min) D a i l y  Cumul . D a i l y  Cumul . (mm) 



Table 2.  	 Est imated sockeye salmon ca t ch  by da te  and s t a t i o n .  
Upper Cook 1 n l e t  o f f s h o r e  t e s t  f i s h i n g  p r o j e c t ,  
1993. 

S t a t i o n  Number 


Date 4 5 6 6.5 7 8 T o t a l  


T o t a l  270 732 717 257 382 95 2453 




T a b l e  3 .  	 E s t i m a t e d  sockeye salmon CPUE by d a t e  and s t a t i o n ,  
Upper Cook I n l e t  o f f s h o r e  t e s t  f i s h i n g  p r o j e c t ,  
1993. 

S t a t i o n  Number 


Date  4 5 6 6.5 7 8 T o t  a1 


T o t a l  209.7 545.7 500.7 165.0 265.1 75.7 1814.9 



-- 

Table 4. 	 Mean da te  of t h e  sockeye salmon run across  Anchor Point 
t r a n s e c t ,  Upper Cook I n l e t  o f f shore  t e s t  f i s h i n g  p r o j e c t ,  
1979-1993. 

Mean Datea 

Year Coded 	 Calendar 

J u l y  11 
J u l y  15 
J u l y  06 
J u l y  17 
J u l y  15 
J u l y  11 
J u l y  15 
J u l y  16 
Ju ly  18 
J u l y  13 
Ju ly  14 
J u l y  18 
J u l y  17 
J u l y  17 
J u l y  14 

J u l y  14 

a Day ( 1 )  	= June 24. 



Table 5. The 1993 Upper Cook I n l e t  comnercial salmon harvest .  

C H I NOOK SOCKEYE COHO P I N K  CHUM TOTAL 

Nunber o f  
Date D e l i v e r i e s  D a i l y  Cumulative D a i l y  Cumulative D a i l y  Cumulative D a i l y  Cumulative D a i l y  Cumulative D a i l y  Cumulative 

6-02 Wed 
6-04 F r i  
6-07 Mon 
6-09 Wed 
6-11 F r i  
6 -  14 Mon 
6-16 Wed 
6-18 F r i  
6-21 Mon 
6-23 Wed 
6-25 F r i  
6-28 Mon 
7-02 F r i  
7-05 Mon 
7-08 Thu 
7-09 F r i  

-1 

-1 
7-12 Mon 
7-13 Tue 
7-14 Wed 
7-16 F r i  
7-17 Sat 
7-18 Sun 
7- 19 Mon 
7-20 Tue 
7-21 Wed 
7-22 Thu 
7-23 F r i  
7-24 Sat 
7-25 Sun 
7-26 Mon 
7-27 Tue 
7-28 Wed 
7-29 Thu 
7-30 F r i  
7-31 Sat 
8-01 Sun 
8-02 Mon 
8-03 Tue 
8-04 Wed 
8-06 F r i  
8-07 Sat 
8-09 Mon 
8-11 Wed 

- Continued -



Table 5. (p  2 of 2 )  

C H I  NOOK SOCKEYE COHO PINK CHUM TOTAL 

Date De l i ve r i es  D a i l y  Cumulative D a i l y  Cunula t ive  D a i l y  Cumulative D a i l y  Cunulat ive D a i l y  Cumulative D a i l y  Cumulative 

8-13 F r i  
8-16 Mon 
8-20 F r i  
8-23 Mon 
8-27 F r i  
8-30 Mon 
9-03 F r i  
9-06 Mon 
9-10 F r i  
9-13 Mon 



Table  6 .  	 To ta l  o f f s h o r e  t e s t  f i s h i n g  C P U E  and t o t a l  sockeye salmon run 
e s t i m a t e s ,  Upper Cook I n l e t ,  1993. 

To ta l  
Best  Run 

C um F i t  Passage Tota l  Es t imate  Percent  
Date C P U E a  Year MSSDEVb Rate CPUE ( X  lo6)  Errorc  

14 J u l y  865 1982 ,0003 3 ,088  2 ,975 9 .2  41.5  

17 J u l y  1 ,222 1987 .0004 2,354 2 ,858  6 .7  3 .1  

22 J u l y  1 ,464 1986 .0005 3 ,032 2 ,122 6 . 4  -1.5 

23 J u l y  1 ,572  1982 .0005 3 ,169 2,290 7 .2  10 .8  

26 J u l y  1 ,732 1986 .0005 3,233 2,109 6 . 8  4 .6  

" Cumulative C P U E  from s t a r t  o f  t e s t  f i s h i n g  t o  e s t i m a t e d  end o f  t o t a l  run. 
Mean sum of  squared d e v i a t i o n .  
Percen t  e r r o r  = p r e d i c t e d - a c t u a l  * 100 

a c t u a l  



NORTHERN 
DISTRICT 

CENTRAL 

Barren Islands 

Gulf of 
Alaska 

Figure 1. Location of fishing districts and offshore test fish transect in 
, . : Cook Inlet, Alaska, 1993. 



Day (d: day 1 = 24 June) 


Figure 2. Cumulative proportions estimated for the sockeye salmon 
return to Upper Cook Inlet, Alaska, 1993. 



Appendix A.1. 	 Summary o f  p i n k  salmon f i s h i n g  e f f o r t ,  
d a i l y  and cumula t i ve  ca tch ,  and d a i l y  and 
cumula t i ve  CPUE, Upper Cook I n l e t  o f f s h o r e  
t e s t  f i s h i n g  p r o j e c t ,  1993. 

Mean Catch C PUE 
Number F i s h i n g  

of Time 
Date S t a t i o n s  (min) D a i l y  Cum D a i l y  Cum 



Append i x  A.2.  	 Est imated p i n k  salmon ca t ch  by da te  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  
f i s h i n g  p r o j e c t ,  1993. 

S t a t i o n  Number 


Date 4 5 6 6.5 7 8 T o t a l  


T o t a l  5 9 24 5 6 4 53 


% 9 .4  17.0 45.3 9 .4  11.3 7 . 5  100.0 




Append i x  A.3. 	 E s t i m a t e d  p i n k  salmon CPUE by d a t e  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  
f i s h i n g  p r o j e c t ,  1993. 

S t a t i o n  Number 

Da te  8 T o t a l  

T o t a l  3.7 6.4 22.9 3.7 4.6 3.3 44.6 

% 8.4 14.4 51.3 8.3 10.3 7.3 100.0 



Appendix B . l .  	 Summary of  chum salmon f i s h i n g  e f f o r t ,  
d a i l y  and cumulative ca tch ,  and d a i l y  and 
cumulative CPUE,  Upper Cook I n l e t  o f f shore  
t e s t  f i s h i n g  p r o j e c t ,  1993. 

Mean Catch C P U E  
Number Fi shing 

o f Time 
Date S t a t i o n s  (min) Daily C u m  Daily C um 



Append i x  B . 2 .  Estimated chum salmon catch by date and 
s tat ion,  Upper Cook Inlet  offshore t e s t  
fishing project,  1993. 

Station Number 

Date 4 5 6 6.5 7 8 Total 

01-Jul 
02-Jul 
03-Jul 
04-Jul 
05-Jul 
06-Jul 
07-Jul 
08-Jul 
09-Jul 
10-Jul 
11-Jul 
12-Jul 
13-Jul 
14-Jul 
15-Jul 
16-Jul 
17-Jul 
18-Jul 
19-Jul 
20-Jul 
21-Jul 
22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-Jul 
27-Jul 
28-Ju~ 
29-Jul 
30-Jul 

Total 

% 



Appendi x B.3. 	 Est imated chum salmon CPUE by da te  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  
f i s h i n g  p r o j e c t ,  1993. 

S t a t i o n  Number 


Date 4 5 6 6.5 7 8 T o t a l  


To ta l  7 . 9  29.9 46.7 17.6 38.7 12 .1  153.0 

% 5.2 19.5 30.5 11.5 25.3 7 .9  100.0  



Appendix C.1. 	 Summary of coho salmon f i s h i n g  e f f o r t ,  
d a i l y  and cumulative ca t ch ,  and d a i l y  and 
cumulative CPUE, Upper Cook I n l e t  o f f shore  
t e s t  f i s h i n g  p r o j e c t ,  1993. 

Mean Catch C PU E 
Number Fishing 

of Time 
Date S t a t i o n s  (min) Daily Cum Daily C u m  



Appendix C . 2 .  	 Estimated coho salmon c a t c h  by d a t e  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  
f i s h i n g  p r o j e c t ,  1993. 

S t a t i o n  Number 


Date 4 5 6 6 .5  7 8 Tota l  


To ta l  4 3 5 92 49 123 2 2 325 


% 1.2 10.8 28.3 15.1 37.8 6.8 100.0 




d i x  C.3. 	 Est imated coho salmon CPUE by da te  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  
f i s h i n g  p r o j e c t ,  1993. 

S t a t i o n  Number 


Date 4 5 6 6 .5  7 8 T o t a l  


T o t a l  3 . 1  25.4 81 .9  37.9 92 .1  17 .4  257.7 

% 1.2 9 . 8  3 1 . 8  14.7 35.7 6 .8  100.0 



Appendix D.1. 	 Summary of chinook salmon f i s h i n g  e f f o r t ,  
d a i l y  and cumulative ca t ch ,  and d a i l y  and 
cumulative CPUE, Upper Cook I n l e t  o f f sho re  
t e s t  f i s h i n g  p r o j e c t ,  1993. 

Mean Catch C P U E  
Number 

of 
Fi sh i  ng 
Time 

Date S t a t i o n s  (min) Daily C u m  Daily C u m  



- -- 

Appendi x  D.2. 	 Est imated  ch inook  salmon c a t c h  by d a t e  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  
f i s h i n g  p r o j e c t ,  1993. 

S t a t i o n  Number 

Date 4 5 6 6.5 7 8 T o t a l  


T o t  a1 0 1 1 1 2 0 5 




-- -- 

- -- - -- 

Appendix D.3. 	 Es t ima ted  chinook salmon CPUE by d a t e  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  
f i s h i n g  p r o j e c t ,  1993. 

S t a t i o n  Number 

Date 4 5 6 6.5 7 8 T o t a l  


T o t a l  0.0  0 .8  0.8 0.8 1 . 5  0 .0  3.8 



Appendix E.1. 	 E n t r y  p a t t e r n  o f  sockeye salmon i n t o  Upper Cook I n l e t ,  
A laska,  1993, e s t i m a t e d  f r o m  d a i l y  CPUE measured a t  t h e  
l a t i t u d e  o f  Anchor P o i n t .  

Day Date  E s t i m a t e d  I n p u t
Y Y 



Appendix F . 1 .  	 Environmental measurements and observations made in 
Upper Cook Inlet, 1993, Alaska during the offshore 
test fishing project. 

Air Water Wind Water 
Temp. Temp. Vel. Wind Tide Salinity Depth Secchi 

Date Station (c) (c) (knots) DirA Stage- (ppt) (f)  (m) 



Appendix F . 1 .  ( p  2 o f  4) 

A i r  Water Wind Water 
Temp. Temp. Vel .  Wind T ide  S a l i n i t y  Depth Secchi 

Date S t a t i o n  ( c )  ( c )  ( kno ts )  D i r A  Stage- ( p p t )  ( f )  (m) 



Appendix F.1.  (p 3 o f  4) 

A i r  Water Wind Water 
Temp. Temp. Vel .  Wind T ide  S a l i n i t y  Depth Secchi 

Date S t a t i o n  ( c )  ( c )  ( kno t s )  D i r A  Stage- ( p p t )  ( f )  (m) 



Appendix F . 1 .  (p 4 	of 4) 

Air Water Wind Water 
Temp. Temp. Vel. Wind Tide Salinity Depth Secchi 

Date Station (c) (c) (knots) DirA Stage- (ppt) ( f )  (m)  

A Wind direction code 	l=north,2=northeast73=east,4=southeast7 

5=south76=southwest,7=west,8=northwest 


- Tide stage code l=high,2=10~,3=ebb,4=flood 



 

 

  
 

 
  
 

  
  

  
 

  
 

   

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 

If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 

For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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